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INFLUENCEOF FINE SEDIMENTON
MACROINVERTEBRATECOLONIZATION

OFSURFACEANDHYPORHEICSTREAMSUBSTRATES

Carl Kicluirtls^-^ and Kermit L. Bacon^

Abstract. —Colonization of macroinvertebrates was assessed in a stream impacted by inputs of fine sediments. Col-

onization was e.xamined at the stream surface and within the hyporheos with Whitlock-Vibert (W-V) bo.xes. Hyporheic

areas accumulated much greater amounts of all size categories of sediment. No significant difference was observed in

the amounts of organic matter accumulated at either depth. Only 150-^(,m sediment had significant effects on macroin-

vertebrate total numbers and number of titxa. Total numbers of invertebrates at 30 cm were only 20% of those at the sur-

face. Canonical Correspondence Analysis indicated that the strongest influence on macroinvertebrates colonizing W-V
boxes at the surface was stream size and secondarily fine sediments. Within the hyporheos, abundance of fine sediment

was the dominant influence on macroinvertebrate assemblages. Impacts of sedimentation on hyporheic environments

can have significant and persistent impacts on streams.
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The addition of fine substrates to streams

can result in significant changes to stream

macroinvertebrate assemblages. Substrate

plays an important role in structuring stream

macroinvertebrate assemblages. Numerous
studies (see Minshall 1984) have demonstrat-

ed the importance of both substrate type and

size in determining distributions of specific

taxa. In general, the number of taxa and pro-

ductivity of substrates composed of small par-

ticle sizes are less than those of larger, more
heterogeneous substrates (Pennak and Van

Gerpen 1947, Allan 1975, Ward 1975). Reduced

invertebrate utilization and production from

small substrates may be attributed to a variety

of reasons, ranging from the need of some
insects for large particles for attachment, to the

need for interstitial pore space for movement
among substrate particles. Macroinvertebrate

responses to variation in substrate size and
composition can result in distributi(^n patterns

that are observed within streams longitudinal-

ly (Allan 1975) and among several streams

within a region (Richards et al. 1993).

The addition of fine substrates to streams

may also affect macroinvertebrate abundance

and distribution in the hyporheos. Taxa within

the hyporheic region of streams can be found

as deep as 70 cm below the stream bottom
(Williams and Hynes 1974). The benthic

assemblage within the hyporheic region is

associated with overall stream productivity

and surface assemblage structure (Strommer

and Smock 1989, Ward 1989). Because
macroinvertebrates utilize the hyporheos dur-

ing all seasons, this area can provide a refuge

for new colonists following high flows or other

disturbance events (Williams 1984, Palmer et

al. 1992). Alterations to physical characteris-

tics of the hyporheos could cause significant

changes in the dynamics of macroinvertebrate

populations that utilize these areas.

This study was undertaken to determine

whether fine sediment inputs from both point

and nonpoint sources influenced macroinver-

tebrate assemblages along the length of a

stream in central Idaho. Wehypothesized that

assemblage structure could be related to the

proportion of fines in surface and hyporheic

substrates.

Methods

Study Area

The study was conducted in Bear Valley

Creek, a headwater tributary to the Middle

Fork of the Salmon River watershed in central

Idaho. The stream flows through subalpine

meadows and lodgepole pine {Pinus contorta)
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forests on a granitic batholith. Alluvial

deposits of erosive sandy soils typify the

region. Historically, the stream had high sec-

ondary productivity and supported large pop-

ulations of anadromous salnionids. Since the

1950s, however, large volumes of fine, inor-

ganic sediments have entered the stream

through both point and nonpoint sources

along the length of the stream (Konopacky et

al. 1986). Consequently, stream substrates

have high proportions of fine sediments in

many areas, and fish production has declined

partly as a result of sediment introduction.

Experimental Method

To examine whether sediment influences

macroinvertebrates assemblages, we conduct-

ed colonization studies at 19 sites along a 50-

km section of Bear Valley Creek. Colonization

studies are effective means of examining the

dynamics of stream macroinvertebrate assem-

blages and have been used extensively in

many streams and geographic areas (Robinson

et al. 1990, Mackay 1992). Study sites were

located in riffle habitats at approximately even

intervals along the length of the stream. Sites

reflected the full range of substrate character-

istics found in the stream, including low pro-

portions of fine sediments and high propor-

tions of sediments.

At each site, stream width, gradient, and

substrate composition were assessed. Sub-

strate was assessed by determining the pro-

portion of surface particles <4 mmin diame-

ter. One hundred points were randomly
selected along a transect that bisected the

study riffles, and the closest substrate particle

to each point was measured. This size class

corresponds well to proportions of smaller-

sized surface substrate particles in Bear Valley

Creek (Konopacky et al. 1986).

Weused small basket samplers (Whitlock-

Vibert [W-V] boxes; Wesche et al. 1989) for

macroinvertebrate colonization. The polypro-

pylene (14 X 6.4 X 8.9-cm-deep) boxes

enclosed a known volume of standardized sub-

strate that allowed comparisons among sites.

These boxes are typically used to incubate fish

eggs in stream gravels (Federation of Fly Fish-

ermen personal communication). The sides,

top, and bottom of the boxes are perforated

with rectangular slots (3.5 X 13 mm) to allow

water circulation. The bottom of each box was

covered with duct tape to reduce sediment

loss. Boxes were filled with 3/4-inch-grade

clean gravel. This readily available substrate

approximates the size of clean gravels in Bear

Valley Creek. Two boxes were placed at each

site: one approximately 30 cm below the sur-

face of the substrate (using a small shovel) and

the other flush with the surface directly above

the below-surface box. Both boxes were locat-

ed in the center of the stream channel. Boxes

were placed in the substrate the last week of

July 1988 and retrieved 10 weeks later Dur-

ing this period little or no rainfall was
received in the area, and the stream was in a

baseflow condition.

Colonization was examined in relation to

variation in fine sediments that accumulated

in the boxes. Fine sediment accumulation in

W-V boxes has been shown to be correlated

with the amount of fines in surrounding sub-

strates in streams and laboratory channels

(Wesche et al. 1989). W-V boxes were re-

moved from the stream as carefully as possible

so as to retain any fine substrate materials and

macroinvertebrates in the boxes. While still

under water, the W-V box was slipped into a

plastic bag with minimal disturbance. The
lower box was removed in the same way after

excavating the substrate material between the

upper and lower boxes. Material from the

boxes was preserved in 10% formalin. In the

lab the 3/4-inch-grade gravel was removed

from the samples with a large sieve. Macroin-

vertebrates were removed ft-om these samples

under a dissection microscope, identified to

family, and enumerated. The remaining mate-

rial was divided into portions that collected on

150-/xm and 850-^Lm sieves. These portions

were dried at 60°C and then ashed in a muffle

furnace to obtain a weight for organic and in-

organic (fine sediment) fractions. The 850-;Ltm

sieve collected material < 3.5 mmin diameter.

Sediment particle sizes <4 mmare frequently

implicated in negative impacts on the abun-

dance of stream invertebrates and productivi-

ty (Nuttall 1972, Alexander and Hansen 1986).

Smafler particle sizes (<850 /xm) include clay-

sized particles that also decrease invertebrate

abundance (Cederholm and Lestelle 1974)

and clog interstitial spaces.

Differences in sediment and organic accu-

mulation between surface and below-surface

boxes were examined by group comparisons,

as were macroinvertebrate assemblage com-

parisons (species richness, total numbers).
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Macroinvertebrate assemblage composition

among the sites was examined with multivari-

ate direct gradient analysis (Canonical Corre-

spondence Analysis; ter Braak 1986, 1987).

Macroinvertebrate data were log transformed

prior to analysis. In CCA, axes are selected to

be linear combinations of environmental vari-

ables so that taxa are related directly to a set

of these variables. This technique is particu-

larly useful for examining the relative strength

of various environmental variables on influ-

encing assemblage composition (ter Braak and

Prentice 1988, Richards et al. 1993). Environ-

mental variables used in the analysis were
sediment and organic accumulations in the

boxes, proportion of 4-mm surface sediments

in rifines, gradient, and stream width. The lat-

ter two variables were included to account for

some differences in stream size and channel

moiphology among the sites.

Results

The width of the study sites ranged from

2.9 to 24 m (mean = 8.57). The proportion of

sediments <4 mmin diameter in riffles varied

from to 56% (mean = 8.6); all sites had gra-

dients <2% (mean = 0.47).

A much larger amount of fine sediment

accumulated in the below-surface boxes than

in the surface boxes (/ test, p < .05; Table 1).

This was true for both the 850-^tm and 150-

fim size classes. There was no significant dif-

ference in the amounts of organic material

that accumulated between treatments for

either size class.

Twenty-two macroinvertebrate families

were identified from the W-V samplers (Table

2). With the exception of Perlidae, Cerato-

pogonidae, and Tabanidae, all taxa were found

in both surface and below-surface locations.

Significantly (p < .05) greater numbers of taxa

and total numbers of individuals per box were

found in the surface samples (Table 2). The
most abundant taxa in below-surface samples

were Heptageniidae, Leptophlebiidae, Chloro-

perlidae, and Chironomidae. These taxa also

had relatively higli abvmdance in surface sam-

ples. Baetidae and Ephemerillidae had rela-

tively high abundance in the surface samples

but were not well represented in below-sur-

face samples. No taxa were more abundant in

below-surface samples than in surface samples.

Pearson correlation coefficients were calcu-

lated between each size class of sediment and

taxa richness and total number of individuals

to determine whether fine-sediment variables

had relationships to macroinvertebrate assem-

blage characteristics. Separate calculations were

made for surface and below-surface samples.

No significant correlations (p < .05) were
found with surface samples. In below-surface

samples a significant correlation {p < .05) was

observed between the 0.15-mm sediment size

class and both number of taxa and total num-
bers of individuals (Fig. 1), but no significant

correlations were found with the 0.85-mm size

class.

Results of the CCAanalysis for surface

samples indicated that sediment accounted for

a relatively small proportion of the variance in

assemblage composition among sites. The first

axis, which described the greatest amount of

variation in the ordination, was most strongly

influenced by gradient and width (Table 3).

This axis differentiated the taxa most abun-

dant at sites with high stream gradient and

narrow widths from those taxa most abundant

at sites with low gradient and wide widths.

These data suggest that longitudinal position

of the station along the stream course played

the greatest role in determining assemblage

composition. Nematodes, Ceratopogonidae,

Hydropsychidae, and Pteronarcyidae were
found in narrow, high-gradient sites, and Rhy-

acophilidae and Hydracarina were found at

Table 1. Macroinvertebrate numbers and sediment and organic material accumulations in experimental colonization

boxes. * denotes a significant difference (p < .05, t test) between surface and below-surface boxes.
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Table 2. Macroinvertebrate taxa that colonized surface and below-surface W-V boxes.

Surface Below-surface

Taxa
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Table 3. Correlations between environmental variables

and CCAaxes. Percentages refer to the proportion of vari-

ance in species data explained.

Above surface
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Fig. 2. Ordination of macroinvertebrate taxa with respect to environmental variables in surface and hyporheic areas.

results are more similar to those reported

from streams with high proportions of fine

sediment in the hyporheos, such as those

examined by Poole and Stewart (1976) and

Strommer and Smock (1989), who found that

total numbers at approximately 30-cm depth

were at least 80% less than those near the sur-

face. Both studies attributed these differences

to high proportions of fines in the hyporheos

that altered physical habitat and subsurface

water flow.

High proportions of fine sediment within

the hyporheos of Bear Valley Creek may sig-

nificantly decrease available habitat for

macroinvertebrates and therefore limit poten-

tial secondary production in the stream. Our

study suggests that the hyporheos should be

included when assessing impacts of sediment

additions to stream ecosystems. Since

macroinvertebrate assemblages exhibit consis-

tent long-term changes to watershed activities

that influence substrate characteristics
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(Richards and Minshall 1992), dramatic and

potentially persistent effects can be initiated

through the introduction of fine sediments

into the hyporheos.
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